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PHASED LOCKED LOOP CIRCUIT 
INCLUDING VOLTAGE CONTROLLED RING 

OSCILLATOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a National Stage entry of International Application 
No. PCT/JP2005/023384, ?led Dec. 20, 2005. The disclosure 
of the prior application is hereby incorporated herein in its 
entirety by reference. 

TECHNICAL FIELD 

The present invention relates to a voltage controlled ring 
oscillator. 

BACKGROUND ART 

FIG. 14A is a vieW showing a structural example of a 
voltage controlled ring oscillator. The voltage controlled ring 
oscillator is a Voltage Controlled Oscillator (VCO). A plural 
ity of differential ampli?ers 1401 are ring-connected. A plu 
rality of variable resistors 1402 are respectively connected to 
the plurality of differential ampli?ers 1401. A plurality of 
current sources 1403 are respectively connected to the plu 
rality of differential ampli?ers 1401. A CR ring element 1404 
has each one of the differential ampli?er 1401, the variable 
resistor 1402, and the current source 1403. Four of the CR 
ring elements 1404 are ring-connected, for instance. 

FIG. 14B is a circuit diagram shoWing a structural example 
of the CR ring element 1404 in FIG. 14A. The CR ring 
element 1404 has a bias unit 1431 and an oscillating unit 
1432. Hereinafter, an MOS ?eld-effect transistor is simply 
referred to as a transistor. The bias unit 1431 has a P-channel 
transistor 1411 and an N-channel transistor 1412. 

The oscillating unit 1432 inputs differential signals from a 
non-inverting input terminal I+ and an inverting input termi 
nal I- to amplify them, and outputs the ampli?ed differential 
signals from a non-inverting output terminal O+ and an 
inverting output terminal 0-. The differential signals are tWo 
signals Whose phases are mutually inverted by 180°. The 
N-channel transistor 1422 corresponds to the current source 
1403 in FIG. 14A, and constitutes a current mirror circuit With 
the transistor 1412. When a current Il ?oWs through the tran 
sistor 1412, a current Is ?oWs through the transistor 1422. To 
the non-inverting output terminal O+ and the inverting output 
terminal 0-, a parasitic capacitance 1425b and a parasitic 
capacitance 1425a are respectively connected. The non-in 
verting input terminal I+ is connected to a gate of an N-chan 
nel transistor 1421a, and the inverting input terminal I- is 
connected to a gate of an N-channel transistor 1421b. P-chan 
nel transistors 1424a and 1423a are connected to the transis 
tor 1421a, and constitute a load resistor. P-channel transistors 
1424b and 1423b are connected to the transistor 1421b, and 
constitute a load resistor. The transistors 1423a and 1423b are 
variable resistors controlled by a voltage Vcntl. In the CR ring 
element 1404, a delay amount of the output signal is deter 
mined by a CR, that is, a capacitance and a resistor. By 
varying the variable resistors 1423a and 1423b With the volt 
age Vcntl, an oscillation frequency of the ring oscillator can 
be controlled. 
As described above, the voltage controlled ring oscillator is 

composed of the oscillating unit 1432 Which applies positive 
feedback by connecting a plurality of stages of Current Mode 
Logic (CML)-type ring elements (CR delay elements), and 
the bias unit 1431 Which supplies a bias voltage to the ring 
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2 
elements. The control voltage Vcntl is input into the bias unit 
1431, and the bias unit 1431 outputs the bias voltage Which is 
in proportion to the voltage Vcntl. The bias voltage controls a 
tail current source 1422 and the transistors 1423a and 1423b 
being the load resistors in a CML circuit. There is a method 
for controlling only either the load resistors 1423a and 1423b 
or the tail current source 1422, but, in order to make an 
amplitude constant Without depending on the oscillation fre 
quency, a method for controlling both of them is commonly 
adopted. 

FIG. 15 is a graph shoWing a relation betWeen the control 
voltage Vcntl and the oscillation frequency fosc. Since the 
control voltage Vcntl is controlled after passing through one 
stage of the transistor 1411 in the bias unit 1431, it is affected 
by a threshold voltage Vth of the transistor. The transistor 
1411 is connected at a source thereof to a poWer supply 
voltage Vdd, and connected at a drain thereof to a gate of the 
transistor 1422. In the ring oscillator, there is a problem that 
the threshold voltage Vth becomes a hindrance for obtaining 
a tuning range, so that the tuning range has to be secured With 
the voltage in Which the threshold voltage Vth is subtracted 
from the poWer supply voltage Vdd. The tuning range of the 
control voltage Vcntl required to realiZe a target oscillation 
frequency 1501 Which meets the speci?cations, is a tuning 
range 1502. Depending on a process variation and the like, a 
characteristic varies betWeen a characteristic FAST and a 
characteristic SLOW. A characteristic TYP is a typical char 
acteristic When the threshold voltage Vth takes a typical 
value. The characteristic FAST is a characteristic When the 
threshold voltage Vth varies at loW frequencies. The charac 
teristic SLOW is a characteristic When the threshold voltage 
Vth varies at high frequencies. The ring oscillator is affected 
largely by the process variation. 
When trying to secure the target tuning range 1502 by 

including the process variation and variations of the poWer 
supply voltage Vdd, a temperature, and the like, the minimum 
of the characteristic is determined at the characteristic SLOW 
With the narroWest band, Which consequently brings about a 
problem that a gain of the VCO becomes very high at the 
characteristic TYP. The gain of the VCO corresponds to an 
inclination of the characteristic. When the gain of the VCO is 
increased, the VCO itself becomes highly sensitive, so that it 
is forced to respond sensitively to the poWer supply voltage 
variation and the variation of the control voltage Vcntl. This 
leads to generate a jitter, Which deteriorates the performance 
of a PLL (Phase Locked Loop) circuit When the VCO is 
applied thereto. 

Further, along With the advance in technology, a voltage 
scaling (loWering the voltage) is in progress. In the ring oscil 
lator, the voltage scaling is a big problem. While the poWer 
supply voltage is scaled, the threshold voltage Vth of the 
transistor is not scaled, so that the value Vdd-Vth being the 
tuning range 1502 becomes smaller. When a circuit is com 
posed using a voltage of 1V or loWer in the future, the tuning 
range 1502 cannot be secured by an existing circuit system, 
Which can be easily predicted. 
As described above, since the tuning range 1502 is deter 

mined by a value Vdd-Vth, the existing ring oscillator has 
dealt With it by increasing the gain of the VCO. HoWever, to 
increase the gain of the VCO means to simultaneously 
increase a noise (jitter), and it also suggests that the design 
becomes further dif?cult to cope With the poWer supply volt 
age scaling in the future. 

Further, an electrostatic capacitance type Weight sensor is 
knoWn Wherein the sensor has a variable capacitor formed of 
a ?xed electrode and a movable electrode in Which a capacitor 
having a predetermined electrostatic capacitance is inserted 
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between a ?xing metal frame and the ?xed electrode, to 
thereby largely reduce a variation of oscillation frequency 
offset values and the sensitivity variation caused by a stray 
capacitance depending on an environmental change and a 
change With time. 

Further, a self-excited oscillation circuit is knoWn Wherein 
the oscillation circuit has a CR oscillating unit in Which a 
variable capacitance diode is used. 

Furthermore, a ring oscillator is knoWn in Which a plurality 
of differential gain stages are connected in a ring shape via 
resistor elements, and a band-pass ?lter is respectively con 
nected betWeen each of inputs of the differential gain stages 
and a reference potential. 

SUMMARY 

According to one aspect of the present invention, there is 
provided a voltage controlled ring oscillator having a plural 
ity of ring-connected ampli?ers and a plurality of variable 
capacitance elements being respectively connected to the plu 
rality of ampli?ers and having capacitances varied by a volt 
age control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing a structural example of a high 
speed input/output (I/O) circuit according to a ?rst embodi 
ment of the present invention; 

FIG. 2 is a circuit diagram shoWing a structural example of 
a VCO in FIG. 13; 

FIG. 3 is a sectional vieW of a semiconductor chip showing 
a structural example of a variable capacitance in FIG. 5; 

FIG. 4 is a circuit diagram shoWing a structural example of 
a VCO in FIG. 1; 

FIG. 5 is a circuit diagram shoWing a structural example of 
a CR ring element in FIG. 4; 

FIG. 6 is a graph shoWing a relation betWeen a both-end 
voltage Vvar and a capacitance Cvar of a variable capaci 
tance; 

FIG. 7 is a graph shoWing a relation betWeen a control 
voltage Vcntl and an oscillation frequency fosc; 

FIG. 8A is a block diagram shoWing a structural example of 
a PLL circuit according to a second embodiment of the 
present invention; 

FIG. 8B is a circuit diagram shoWing a structural example 
ofa VCO in FIG. 8A; 

FIG. 8C is a circuit diagram shoWing a structural example 
of a CR ring element in FIG. 8B; 

FIG. 9A is a block diagram shoWing a structural example of 
a PLL circuit according to a third embodiment of the present 
invention; 

FIG. 9B is a circuit diagram shoWing a structural example 
ofa VCO in FIG. 9A; 

FIG. 9C is a circuit diagram shoWing a structural example 
of a CR ring element in FIG. 9B; 

FIG. 9D is a vieW shoWing a structural example of a load 
resistor unit in FIG. 9C; 

FIG. 9E is a vieW shoWing another structural example of 
the load resistor unit in FIG. 9C; 

FIG. 9F is a vieW shoWing still another structural example 
of the load resistor unit in FIG. 9C; 

FIG. 10A is a block diagram shoWing a structural example 
of a PLL circuit according to a fourth embodiment of the 
present invention; 

FIG. 10B is a circuit diagram shoWing a structural example 
ofa VCO in FIG. 10A; 
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4 
FIG. 10C is a circuit diagram shoWing a structural example 

ofa CR ring element in FIG. 10B; 
FIG. 10D is a vieW shoWing a structural example of a load 

resistor unit in FIG. 10C; 
FIG. 10E is a vieW shoWing another structural example of 

the load resistor unit in FIG. 10C; 
FIG. 10F is a vieW shoWing still another structural example 

of the load resistor unit in FIG. 10C; 
FIG. 11A is a block diagram shoWing a structural example 

of a PLL circuit according to a ?fth embodiment of the 

present invention; 
FIG. 11B is a circuit diagram shoWing a structural example 

ofa VCO in FIG. 11A; 
FIG. 11C is a circuit diagram shoWing a structural example 

ofa CR ring element in FIG. 11B; 
FIG. 11D is a vieW shoWing a structural example of a load 

resistor unit in FIG. 11C; 
FIG. 11E is a vieW shoWing a structural example of a tail 

current source in FIG. 11C; 
FIG. 12A is a block diagram shoWing a structural example 

of a PLL circuit according to a sixth embodiment of the 

present invention; 
FIG. 12B is a circuit diagram shoWing a structural example 

ofa VCO in FIG. 12A; 
FIG. 12C is a circuit diagram shoWing a structural example 

of a CR ring element in FIG. 12B; 
FIG. 12D is a vieW shoWing a structural example of an 

offset capacitance in FIG. 12C; 
FIG. 12E is a vieW shoWing another structural example of 

the offset capacitance in FIG. 12C; 
FIG. 13 is a block diagram shoWing a structural example of 

a PLL circuit according to a seventh embodiment of the 
present invention; 

FIG. 14A is a vieW shoWing a structural example of a 
voltage controlled ring oscillator; 

FIG. 14B is a circuit diagram shoWing a structural example 
of a CR ring element in FIG. 14A; and 

FIG. 15 is a graph shoWing a relation betWeen a control 
voltage Vcntl and an oscillation frequency fosc. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a vieW shoWing a structural example of a high 
speed input/output (I/O) circuit according to a ?rst embodi 
ment of the present invention. In case of the high speed I/O 
circuit, a frequency clock being half of the data rate is 
required from a driver (Tx) and a receiver (Rx), in Which the 
clock is generated by a PLL circuit 110. The PLL circuit 110 
has a phase detector 101, a charge pump 102, a loop ?lter 
(LPF) 103, a voltage controlled oscillator (VCO) 104, and a 
multiplier 105. The phase detector 101 compares a reference 
clock RCLK With an output clock (feedback clock) output 
from the multiplier 105, and then outputs a pulse Width cor 
responding to the phase error to the charge pump 102. The 
charge pump 102 ?oWs a current corresponding to the pulse 
Width through the LPF 103. The LPF 103 is a loW-pass ?lter 
Which smoothes the error signal. The VCO 104 oscillates in 
accordance With the smoothed voltage Vcntl, and outputs I 
signals and Q signals. For instance, the I signals are differen 
tial signals of 0° and 180°, and the Q signals are differential 
signals of 90° and 270°. The multiplier 105 outputs a signal in 
Which a frequency of one signal output from the VCO 104 is 
multiplied by N to the phase detector 101. As a result, When 
the phase error detected by the phase detector 101 becomes 0, 
the PLL circuit 110 shifts to a locked state (stationary state), 
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Which enables to obtain a stable synchronous clock (I signals 
and Q signals) in Which the frequency of the reference clock 
RCLK is multiplied by N. 
A phase interpolator 106 mixes output signals from the 

VCO 104 and a digital ?lter 109, and outputs to a decision 
latch 107. The decision latch 107 latches serial-format data 
Din, and outputs it to a demultiplexer 108. The demultiplexer 
108 converts the data from serial format to parallel format, to 
thereby output data Dout. The digital ?lter 109 ?lters the 
output data of the demultiplexer 108, and outputs to the phase 
interpolator 106.Accordingly, the latch timing of the decision 
latch 107 can be adjusted to be an appropriate timing in Which 
the data Din is stable. 

For the VCO 104 applied to the high speed l/O circuit, an 
LC-type VCO using an LC resonance or a voltage controlled 
ring oscillator applying positive feedback to differential 
CML-type ampli?ers is used. Especially, in a PLL circuit 
Which is not intended to be used at RF band (several GHZ 
over), or Which is intended to reduce the co st by using none of 
the speci?c elements such as an inductor, the voltage con 
trolled ring oscillator is used. 

Further, along With an advance in technology in recent 
years, the movement toWard loWering the voltage is in 
progress. Although a digital circuit has a margin in loW volt 
age speci?cations since a circuit operation thereof is deter 
mined by a logical thresholdvalue, this voltage scaling occurs 
various troubles in an analog circuit. An applicable range of 
the present invention includes the high speed l/O circuit, the 
VCO 104 used for loW voltage speci?cations, the PLL circuit 
110 using the VCO 104, and the like. 

FIG. 4 is a circuit diagram shoWing a structural example of 
the VCO 104 in FIG. 1. This VCO 104 is a voltage controlled 
ring oscillator. A plurality of differential ampli?ers 401 are 
ring-connected. A plurality of load resistors 402 are ?xed 
resistors respectively connected to the plurality of differential 
ampli?ers 401. A plurality of current sources 403 are constant 
current sources respectively connected to the plurality of 
differential ampli?ers 401. A CR ring element 404 has each 
one of the differential ampli?er 401, the load resistor 402, and 
the current source 403. Four of the CR ring elements 404 are 
ring-connected, for instance. The differential ampli?er 401 
inputs differential signals, ampli?es them and outputs. The 
differential signals are tWo signals Whose phases are mutually 
inverted by 180°. Output differential signals of the respective 
differential ampli?ers 401 have phase differences in Which 
one period is divided by the number of differential ampli?ers 
401. For instance, the second differential ampli?er 401 from 
the right outputs the differential signals of 0° and 180° as an 
1 signal. The differential ampli?er 401 on the far left outputs 
the differential signals of 90° and 270° as a Q signal. The 
differential ampli?er 401 has a variable capacitance Which is 
controlled by the control voltage Vcntl. 

FIG. 5 is a circuit diagram shoWing a structural example of 
the CR ring element 404 in FIG. 4. The CR ring element 404 
has a CML-type differential ampli?er in Which the differen 
tial signals are input from a non-inverting input terminal 1+ 
and an inverting input terminal I—, and after being ampli?ed, 
the differential signals are output from a non-inverting output 
terminal O+ and an inverting output terminal 0-. A constant 
current Is is ?oWn through the current source 403. To the 
non-inverting output terminal O+ and the inverting output 
terminal 0-, a parasitic capacitance 50319 and a parasitic 
capacitance 50311 are respectively connected. The non-invert 
ing input terminal 1+ is connected to a gate of an N-channel 
transistor 501a, and the inverting input terminal I— is con 
nected to a gate of an N-channel transistor 50119. The inverting 
output terminal O— is connected to a drain of the transistor 
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6 
50111. The non-inverting output terminal O+ is connected to a 
drain of the transistor 50119. The current source 403 is con 
nected betWeen an interconnection point of sources of the 
transistors 501a and 50119 and a ground. A load resistor 40211 
is connected betWeen the drain of the transistor 501a and a 
poWer supply voltage. A load resistor 40219 is connected 
betWeen the drain of the transistor 50119 and the poWer supply 
voltage. A variable capacitance 50211 is connected betWeen 
the drain of the transistor 501a and the control voltage Vcntl. 
A variable capacitance 50219 is connected betWeen the drain 
of the transistor 50119 and the control voltage Vcntl. The 
variable capacitances 502a and 50219 are on-chip varactors 
(varicaps). In the CR ring element 404, a delay amount of the 
output signal is determined by a CR, that is, a capacitance and 
a resistor. By varying the variable capacitances 502a and 
50219 With the voltage Vcntl, an oscillation frequency of the 
ring oscillator can be controlled. 

FIG. 3 is a sectional vieW of a semiconductor chip shoWing 
a structural example of the respective variable capacitances 
502a and 50219 in FIG. 5. The variable capacitances 502a and 
50219 are formed on the semiconductor chip. A basic structure 
of the variable capacitances 502a and 50219 is based on a 
structure of a transistor. A P-type semiconductor substrate 
301 is a silicon substrate, for instance. An N-type Well 302 is 
formed on the P-type substrate 301. N+-type regions 303 and 
305 correspond to a source and a drain of a transistor, and are 
formed on a surface of the N-type Well 302 by ion injection. 
A region 307 corresponds to a channel region of the transistor, 
and is formed on the surface of the N-type Well 302 by ion 
injection. A dielectric layer 308 corresponds to a gate oxide 
?lm of the transistor, and is formed on the region 307 using a 
silicon oxide ?lm. A polysilicon 309 is formed on the dielec 
tric layer 308. A contact portion 310 is formed on the poly 
silicon 309, and is connected to a terminal 311. The terminal 
311 is connected to the drain of either the transistor 50111 or 
the transistor 50119. A contact portion 304 is formed on the 
N+-type region 303. A contact portion 306 is formed on the 
N+-type region 305. The contact portions 304 and 306 are 
connected to the control voltage Vcntl. 

FIG. 6 is a graph shoWing a relation betWeen both-end 
voltages Vvar and capacitances Cvar of the variable capaci 
tances 502a and 50219 in FIG. 5. The capacitance Cvar can be 
controlled by varying the both-end voltage Vvar. The both 
end voltage Vvar can take a range 601 from the poWer supply 
voltage Vdd to —Vdd as a tuning range. The both-end voltage 
Vvar can be controlled by the control voltage Vcntl, so that it 
is never adversely affected by a threshold voltage Vth as 
shoWn in FIG. 15. 

FIG. 7 is a graph shoWing a relation betWeen the control 
voltage Vcntl and an oscillation frequency fosc. Depending 
on a process variation and the like, a characteristic varies 
betWeen a characteristic FAST and a characteristic SLOW. A 
characteristic TYP is a characteristic When the threshold volt 
age Vth takes a typical value. The characteristic FAST is a 
characteristic When the threshold voltage Vth varies at loW 
frequencies. The characteristic SLOW is a characteristic 
When the threshold voltage Vth varies at high frequencies. In 
order to realiZe a target oscillation frequency 701 Which 
meets the speci?cations, a Wide range 702 can be used as a 
tuning range of the control voltage Vcntl. 

While the R (resistor) 1402 of the CR ring element 1404 is 
variable in an analog Way in FIG. 14A, Cs (capacitances) 
502a and 50219 of the CR ring element 404 are variable in an 
analog Way in the present embodiment. The one realiZing the 
variable capacitances 502a and 50219 is an on-chip varactor 
(varicap) having a structure shoWn in FIG. 3 . According to the 
varactor With this structure, When the voltages Vvar at both 
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ends of the varactor are variable, it becomes possible that the 
capacitance Cvar of the varactor itself takes a Wide range of 
variation, as shown in FIG. 6. A C-V (capacitance-voltage) 
characteristic of the varactor is expressed by a stable ?rst 
order straight line Which is in proportion to the voltage Vvar. 
Normally, it is ideal that the gain of the VCO is expressed by 
a linear form, but, When assuming the state Where the PLL 
circuit is locked, the gain is not necessarily expressed by a 
perfect linear form. As described above, What becomes 
important in the PLL circuit are mutually different factors, 
Which are, to take the tuning range 702 at the maximum and 
to suppress the gain of the VCO. As a supplemental explana 
tion, since even the ring oscillator in FIG. 14A is in?uenced 
by a nonlinearity of the transistor, the characteristic thereof is 
not expressed by a ?rst-order straight line perfectly. What is 
important in the characteristic of the varactor is that there is no 
in?uence of the threshold voltage Vth. 
As described above, by ?xing the resistors (R) 40211 and 

40219 and varying the capacitances (C) 50211 and 50219 of the 
CR ring (delay) element 404, the range of the oscillation 
frequency fosc of the VCO 104 can be varied in proportion to 
the control voltage Vcntl output from the LPF 103 Without 
being affected by the threshold voltage Vth. In the circuit in 
FIG. 14B, a control is conducted via the bias unit 1431 Which 
is generally composed of a current mirror circuit. The current 
mirror circuit is sensitive to the process variation, the poWer 
supply voltage variation, or the temperature variation, so that 
a signi?cant difference of the gain of the VCO is inevitably 
produced. The varactors 502a and 50219 of the present 
embodiment have merits in that they are quite strong against 
these characteristics. Further, in the current mirror circuit, an 
accuracy of copy is Worsened as the voltage is loWered, but, in 
the present embodiment, even being scaled to loWer voltages, 
all the ranges that the poWer supply voltage takes can be used 
as a tuning range. Further, the tuning range calculated based 
on variable ranges of the varactors 502a and 5021) can be 
easily calculated by manipulating the number of varactors 
502a and 5021) being lined in parallel, Which provides a merit 
such that the required tuning range can be covered by a 
minimum gain of the VCO. As a result, a loWer gain of the 
VCO can be achieved, and a PLL circuit With smaller jitter 
can be structured, as compared to the circuit in FIG. 14B. 

Since the varactors 502a and 5021) can be directly con 
trolled by the control voltage Vcntl, there is no need to pro 
vide the bias unit 1431 in FIG. 14B, Which is another char 
acteristic of the present embodiment. Since the bias unit 1431 
being composed of the current mirror circuit enlarges a resis 
tor Rds betWeen the drain and the source of the transistor 
1412, the transistor 1412 With long gate length and large gate 
Width is applied. Therefore, to eliminate the bias unit 1431 
provides a large effect in reduction of an area being used. 
As described above, according to the present embodiment, 

in the voltage controlled ring oscillator Which generates oscil 
lation by applying positive feedback to the ampli?ers, the 
tuning voltage range of the VCO can be enlarged into a Wide 
range Without being affected by the threshold voltage Vth, by 
controlling the voltage in an analog Way in the on-chip var 
actor elements 502a and 5021). 

FIG. 8A is a block diagram shoWing a structural example of 
a PLL circuit according to a second embodiment of the 
present invention. The PLL circuit is the same as the PLL 
circuit 110 in FIG. 1. 

FIG. 8B is a circuit diagram shoWing a structural example 
ofa VCO 104 in FIG. 8A. The VCO 104 is the same as the 
VCO in FIG. 4. 

FIG. 8C is a circuit diagram shoWing a structural example 
of a CR ring element 404 in FIG. 8B. A point Where the 
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8 
present embodiment is different from FIG. 5 Will be 
explained. An N-channel transistor 801 corresponds to the 
current source 403 in FIG. 5, and having a gate, a source, and 
a drain respectively connected to a ?xed voltageVb, a ground, 
and an interconnection point of sources of the transistors 
501a and 50119. The CR ring element 404 is a CR delay 
element in Which resistors (R) 40211 and 40219 are ?xed and 
capacitances (C) 50211 and 50219 are variable. The CR ring 
element 404 has a CML-type differential ampli?er, and 
applies pure resistors 402a and 40219 as loads in Which no 
transistors are used. 

As described above, according to the present embodiment, 
the transistor 801 serves as a current source, Which ?oWs a tail 
current ls of the CML-type differential ampli?er. The oscil 
lation is generated by making the gate voltage Vb of the 
transistor 801 constant, using the pure resistors 402a and 
40219 as the loads, and by using a linearity of the C-V char 
acteristic of the variable capacitances 502a and 5021). 

FIG. 9A is a block diagram shoWing a structural example of 
a PLL circuit according to a third embodiment of the present 
invention. The PLL circuit is the same as the PLL circuit in 
FIG. 8A. 

FIG. 9B is a circuit diagram shoWing a structural example 
ofa VCO 104 in FIG. 9A. The VCO 104 is the same as the 
VCO in FIG. 8B. 

FIG. 9C is a circuit diagram shoWing a structural example 
of a CR ring element 404 in FIG. 9B. A point Where the 
present embodiment is different from FIG. 8C Will be 
explained. Load resistor units 901a and 90119 are provided in 
place of the load resistors 402a and 40219 in FIG. 8C. 

FIG. 9D is a vieW shoWing a structural example of the 
respective load resistor units 901a and 901b in FIG. 9C. The 
load resistor units 901a and 90119 are composed of P-channel 
transistors 902. The transistor 902 is connected at a gate 
thereof to a ?xed voltageVb1, at a source thereof to the poWer 
supply voltage, and at a drain thereof to a drain of either the 
transistor 50111 or the transistor 5011). 

FIG. 9E is a vieW shoWing another structural example of 
the respective load resistor units 901a and 90119 in FIG. 9C. 
The load resistor units 901a and 90119 are composed of 
P-channel transistors 903. The transistor 903 is diode-con 
nected. Speci?cally, the transistor 903 is connected at a 
source thereof to the poWer supply voltage, and at a gate and 
a drain thereof to the drain of either the transistor 50111 or the 
transistor 5011). 

FIG. 9F is a vieW shoWing still another structural example 
ofthe respective load resistor units 901a and 90119 in FIG. 9C. 
The load resistor units 901a and 90119 are composed of 
P-channel transistors 904 and 905. The transistor 904 corre 
sponds to the transistor 902 in FIG. 9D. The transistor 905 
corresponds to the transistor 903 in FIG. 9E. The transistors 
904 and 905 are connected in parallel. 
The present embodiment is an example Where transistors 

are applied to the load resistor units 901a and 9011). FIG. 9D 
shoWs a type in Which the P-channel transistor 902 is directly 
biased. FIG. 9E shoWs a diode-connected type transistor 903 
Which is made to be strong against a common variation by 
suppressing some gains. FIG. 9F shoWs a symmetric load 
type in Which a linearity of the transistor is improved by 
connecting the bias transistor 904 and the diode-connected 
transistor 905 in parallel. 

FIG. 10A is a block diagram shoWing a structural example 
of a PLL circuit according to a fourth embodiment of the 
present invention. The PLL circuit is the same as the PLL 
circuit in FIG. 8A. 

FIG. 10B is a circuit diagram shoWing a structural example 
of a VCO 104 in FIG. 10A. Positions of the load resistors 402 
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and the current sources 403 in the VCO 104 are opposite to 
those of the VCO in FIG. 8B. The current sources 403 are 
connected betWeen the poWer supply voltage and the differ 
ential ampli?ers 401. The load resistors 402 are connected 
betWeen the differential ampli?ers 401 and the ground. 

FIG. 10C is a circuit diagram showing a structural example 
of a CR ring element 404 in FIG. 10B. A P-channel transistor 
1001 corresponds to the current source 403 in FIG. 10B, and 
has a gate, a source, and a drain respectively connected to a 
?xed voltage Vb, the poWer supply voltage, and an intercon 
nection point of sources of P-channel transistors 1007a and 
1007b. A gate of the P-channel transistor 1007a is connected 
to a non-inverting input terminal 1+. A gate of the P-channel 
transistor 1007b is connected to an inverting input terminal 
I—. The variable capacitance 50211 is connected betWeen a 
drain of the transistor 1007a and the control voltage Vcntl. 
The variable capacitance 50219 is connected betWeen a drain 
of the transistor 1007b and the control voltage Vcntl. A non 
inverting output terminal O+ is connected to the drain of the 
transistor 1007b. An inverting output terminal O- is con 
nected to the drain of the transistor 1007a. A load resistor unit 
1006a is connected betWeen the drain of the transistor 1007a 
and the ground. A load resistor unit 1006b is connected 
betWeen the drain of the transistor 1007b and the ground. The 
load resistor units 1006a and 1006b correspond to the load 
resistors 402 in FIG. 10B. 

FIG. 10D is a vieW shoWing a structural example of the 
respective load resistor units 1006a and 1006b in FIG. 10C. 
The load resistor units 1006a and 1006b are composed of 
N-channel transistors 1002. The transistor 1002 is connected 
at a gate thereof to a ?xed voltage Vb1, at a source thereof to 
the ground, and at a drain thereof to the drain of either the 
transistor 1007a or the transistor 1007b. 

FIG. 10E is a vieW shoWing another structural example of 
the respective load resistor units 1006a and 1006b in FIG. 
10C. The load resistor units 1006a and 1006b are composed 
of N-channel transistors 1003. The transistor 1003 is diode 
connected. Speci?cally, the transistor 1003 is connected at a 
source thereof to the ground, and at a gate and a drain thereof 
to the drain of either the transistor 1007a or the transistor 
1007b. 

FIG. 10F is a vieW shoWing still another structural example 
of the respective load resistor units 1006a and 1006b in FIG. 
10C. The load resistor units 1006a and 1006b are composed 
of N-channel transistors 1004 and 1005. The transistor 1004 
corresponds to the transistor 1002 in FIG. 10D. The transistor 
1005 corresponds to the transistor 1003 in FIG. 10E. The 
transistors 1004 and 1005 are connected in parallel. 

The present embodiment shoWs an example Where the tail 
current Is is introduced from the poWer supply voltage side, 
being different from FIG. 9C. Since this circuit is mainly 
composed of the P-channel transistor, compared to the circuit 
structure in FIG. 9C, it has a demerit in loWering the band, but, 
it has also a merit in exhibiting a good l/f noise characteristic. 

FIG. 11A is a block diagram shoWing a structural example 
of a PLL circuit according to a ?fth embodiment of the 
present invention. The PLL circuit is the same as the PLL 
circuit in FIG. 8A. 

FIG. 11B is a circuit diagram shoWing a structural example 
ofa VCO 104 in FIG. 11A. The VCO 104 is the same as the 
VCO in FIG. 8B. 

FIG. 11C is a circuit diagram shoWing a structural example 
of a CR ring element 404 in FIG. 11B. A point Where the 
present embodiment is different from FIG. 8C Will be 
explained. Load resistor units 1103a and 1103b are variable 
resistors, and are provided in place of the load resistors 40211 
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and 40219 in FIG. 8C. A tail current source 1104 is a variable 
current source, and is provided instead of the transistor 801 in 
FIG. 8C. 

FIG. 11D is a vieW shoWing a structural example of the 
respective load resistor units 1103a and 1103b in FIG. 11C. 
Sources and drains of a plurality of P-channel transistors 
1101 are respectively connected in parallel. The transistors 
1101 are connected to the poWer supply voltage at an inter 
connection point of the sources thereof, and connected to the 
drain of either the transistor 50111 or the transistor 50119 at an 
interconnection point of the drains thereof. A voltage is sup 
plied from the outside to gates of the plurality of transistors 
1101. Resistance values of the load resistor units 1103a and 
1103b can be varied by Weighting the plurality of transistors 
1101, and by controlling the respective gate voltages indi 
vidually from the outside. 

FIG. 11E is a vieW shoWing a structural example of the tail 
current source 1104 in FIG. 11C. Sources and drains of a 
plurality of N-channel transistors 1102 are respectively con 
nected in parallel. The transistors 1102 are connected to the 
ground at an interconnection point of the sources thereof, and 
to the source of either the transistor 50111 or the transistor 
50119 at an interconnection point of the drains thereof. A 
voltage is supplied from the outside to gates of the plurality of 
transistors 1102. A current amount of the tail current source 
1104 can be varied by Weighting the plurality of transistors 
1102, and by controlling the respective gate voltages indi 
vidually from the outside. 

According to the present embodiment, an offset frequency 
can be controlled. By making the resistance values of the load 
resistor units 1103a and 1103b variable from the outside, it 
becomes possible to change a center oscillation frequency of 
the VCO 104. In order not to change an operating point, the 
current amount of the tail current source 1104 can also be 
variable in addition to the load resistor units 1103a and 
1103b. 
The variable capacitances 502a and 50219 are controlled by 

the control voltage Vcntl. On the other hand, the transistors 
1101 ofthe load resistor units 1103a and 1103b, and the gates 
of the transistors 1102 of the current source 1104 are con 
trolled by a voltage independent from the control voltage 
Vcntl. In an operation preparation stage of the PLL circuit, the 
load resistor units 1103a and 1103b and the tail current source 
1 104 are controlled from the outside, to thereby determine the 
center oscillation frequency of the VCO 104. During the 
operation of the PLL circuit, only the variable capacitances 
502a and 50219 are controlled by the control voltage Vcntl 
being fed back, to thereby determine the oscillation fre 
quency. Note that the gates of the transistors 1102 of the 
current source 1104 can be controlled by the control voltage 
Vcntl. 
As described above, by connecting the transistors 1102 of 

the tail current source 1 1 04 in parallel, the current value of the 
current source 1104 can be variable from the outside. Further, 
by connecting the transistors 1101 of the load resistor units 
1103a and 1103b in parallel, on-resistances of the transistors 
1101 can be variable. These controls enable the VCO 104 to 
freely select the offset frequency. 

FIG. 12A is a block diagram shoWing a structural example 
of a PLL circuit according to a sixth embodiment of the 
present invention. The PLL circuit is the same as the PLL 
circuit in FIG. 8A. 

FIG. 12B is a circuit diagram shoWing a structural example 
ofa VCO 104 in FIG. 12A. The VCO 104 is the same as the 
VCO in FIG. 8B. 

FIG. 12C is a circuit diagram shoWing a structural example 
of a CR ring element 404 in FIG. 12B. A point Where the 
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present embodiment is different from FIG. 9C Will be 
explained. An offset capacitance 1201a is connected in par 
allel With the variable capacitance 502a, and an offset capaci 
tance 1201b is connected in parallel With the variable capaci 
tance 50219. The tail current source 403 corresponds to the 
transistor 801 in FIG. 9C. 

FIG. 12D is a vieW showing a structural example of the 
respective offset capacitances 1201a and 1201b in FIG. 12C. 
A plurality of variable capacitances 1202 are connected in 
parallel. The capacitance 1202 may have a capacitance value 
controlled by a voltage independent from the control voltage 
Vcntl, or it may be a ?xed capacitance. 

FIG. 12E is a vieW showing another structural example of 
the respective offset capacitances 1201a and 1201b in FIG. 
12C. Sources and drains of a plurality of P-channel transistors 
1203 are respectively connected in parallel With either the 
variable capacitance 50211 or the variable capacitance 50219. 
An external voltage independent from the control voltage 
Vcntl is supplied to gates of the plurality of transistors 1203. 
Capacitance values betWeen the sources and the drains of the 
transistors 1203 can be varied by Weighting the plurality of 
transistors 1203, and by controlling the respective gate volt 
ages individually from the outside. 

According to the present embodiment, an offset frequency 
can be controlled. By making the capacitance values of the 
offset capacitances 1201a and 1201b variable from the out 
side, it becomes possible to change a center oscillation fre 
quency of the VCO 104. 
As described above, by connecting the offset capacitances 

1201a and 1201b in parallel With the variable capacitances 
502a and 50219 capable of being controlled in an analog Way, 
it is possible to freely select the offset frequency. The offset 
capacitances 1201a and 1201b may be varactor elements, 
other than the analog capacitance elements and the transis 
tors. 

According to the ?fth and sixth embodiments, it is possible 
to easily change the center oscillation frequency. Depending 
on the speci?cations of the PLL circuit, the usage in Which the 
center oscillation frequency of the VCO is changed is con 
ceivable. As a method for changing the center oscillation 
frequency, to vary the on-resistances as in the ?fth embodi 
ment or to add capacitances as offset capacitances as in the 
sixth embodiment, can be mentioned. To make the on-resis 
tance variable, it is only needed to connect the transistors 
1101 of the load resistor units 1103a and 1103b in parallel 
With each other. In this case, if the current of the tail current 
source 1104 is also controlled in accordance With the resis 
tance values of the load resistor units 1103a and 1103b, a 
stable operation can be generally realiZed, since the operating 
point does not change. Speci?cally, the on/off of the transis 
tors 1101 ofthe load resistor units 1103a and 1103b is con 
trolled so that the current being half of the tail current ?oWs 
through the respective load resistor units 1103a and 1103b. 
Further, the center frequency can also be changed by connect 
ing the offset capacitances 1201a and 1201b in parallel With 
the variable capacitances 502a and 50219. There is no problem 
that the offset capacitances 1201a and 1201b are capacitance 
elements using MOS structures, capacitances using varactors 
or Wires, or the like, other than the analog capacitance ele 
ments. 

FIG. 13 is a block diagram shoWing a structural example of 
a PLL circuit according to a seventh embodiment of the 
present invention. A point Where this PLL circuit is different 
from the PLL circuit in FIG. 8A Will be explained. In FIG. 8A, 
the VCO 104 generates the differential signals to output. On 
the other hand, in FIG. 13, the VCO 104 generates a single 
phase signal PCLK to output. 
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FIG. 2 is a circuit diagram shoWing a structural example of 

theVCO 104 in FIG. 13. The VCO 104 is a voltage controlled 
ring oscillator. A plurality of odd number of inverters (ampli 
?ers) 201 are ring-connected. The inverter 201 inverts an 
input signal by 180°, and ampli?es it to output. A plurality of 
variable capacitances 202 are respectively connected 
betWeen outputs of the plurality of inverters 201 and the 
control voltage Vcntl. The variable capacitance 202 has the 
same structure as that in FIG. 3, and a capacitance value 
thereof varies in accordance With the control voltage Vcntl. 
Since the inverter 201 has the on-resistance of the transistor, 
the VCO 104 has a CR ring element. As same as the ?rst to 
sixth embodiments, by varying the variable capacitances 202, 
the oscillation frequency can be controlled. 
The present embodiment shoWs a voltage controlled ring 

oscillator Which applies positive feedback by connecting an 
odd number of stages of inverters 201. By connecting the 
variable capacitances (varactor elements) 202 formed on a 
semiconductor chip to the outputs of the respective inverters 
201, the in?uence of the threshold voltage Vth can be elimi 
nated, and the tuning voltage range can be enlarged. 
As described above, according to the ?rst to seventh 

embodiments, in the voltage controlled ring oscillator, the 
tuning voltage range of the VCO can be enlarged Without 
being affected by the threshold voltage Vth. By covering the 
oscillation frequency range Which meets the speci?cations 
With the variable range of the variable capacitances, the gain 
of the VCO can be suf?ciently loWered, and the PLL circuit 
With small jitter can be structured. 

Further, during the operation With loW poWer supply volt 
age of the PLL circuit, the tuning voltage range can be secured 
Without being affected by the threshold voltage Vth. The PLL 
circuit can operate in the process of the characteristic TYP 
until the voltage reaches the loW poWer supply voltage of 
0.6V, Which is con?rmed in a simulation. 

Further, the circuit structure becomes hard to be affected by 
the process variation, so that the gain of the VCO can be 
suppressed at 2/1 or loWer of that of the circuit in FIG. 14B, 
Which enables the circuit to be strong against the poWer 
supply voltage variation, and to reduce the noise. 

Further, When vieWed from the PLL circuit, to reduce the 
gain of the VCO to half means that the capacitance of the LPF 
103 is alloWed to be half in the same loop parameter, so that 
the area used by the PLL circuit also becomes 2/1 (half). 

Note that the present embodiments are to be considered in 
all respects as illustrative and no restrictive, and all changes 
Which come Within the meaning and range of equivalency of 
the claims are therefore intended to be embraced therein. The 
invention may be embodied in other speci?c forms Without 
departing from the spirit or essential characteristics thereof. 

INDUSTRIAL APPLICABILITY 

An oscillation frequency can be controlled Without being 
affected by a threshold voltage of a transistor by voltage 
controlling a capacitance of a variable capacitance element. 
Accordingly, a Wide range of voltage control can be con 
ducted, resulting that a stable oscillation can be performed 
even in a case Where a poWer supply voltage is loWered. 
Further, since being hard to be affected by a process variation, 
the oscillation can be performed stably. Furthermore, a gain 
can be reduced, so that a noise can be loWered. 

What is claimed is: 
1. A phased locked loop circuit, comprising: 
a phase detector to compare a feedback clock signal With a 

reference clock signal and to output a difference signal; 




